The objectives of this study were to describe the dietary practices recommended by coaches working with adolescent athletes and to assess their nutritional knowledge. During a regional competition in the state of São Paulo, Brazil, 55 coaches were interviewed. These coaches represented 22 cities with athletes enrolled in Olympic gymnastics, tennis, swimming, and judo events. A 3-section questionnaire was used to obtain data on demographic characteristics, dietary recommendations, and nutrition knowledge. Results showed that all coaches recommended general dietary practices during training, with no specific strategies for pre-, during-, and post-training periods. The main objectives of the recommendations for the training period were weight control and muscle mass gain. Deleterious weight control practices were recommended by 27% of the coaches. Specific dietary practices pre and post competition were recommended by 93% and 46% of the coaches, respectively. Participants responded correctly to 70% (SD = 3.2) of the nutrition knowledge questions, with no significant differences (p = .61) between sports. The knowledge test identified a tendency to overvalue proteins, excessively low-fat diets, and food myths. These findings indicate the importance of developing strategies that will enhance the nutritional training of coaches.
aesthetic sports (20, 32, 38) and, in general, insufficient energy (26, 33) and carbohydrate intake (36, 41) , inadequate hydration (7), use of supplements, and overreliance on protein foods (33) .
Many factors affect food selection, such as: insufficient nutrition knowledge, inexperience in selecting and preparing food, radical eating habits that lead to nutrient restriction (i.e., vegan, very-low calorie diets for weight control), cultural traditions, and frequent traveling (5, 9) . The influence of coaches on young athletes is a key factor in food selection and dietary behavior (18) . Coaches are described as the main source of nutrition information and strongly influence food intake. Consequently, the nutrition information they impart to their athletes plays a major role in their health and performance (12, 18, 24, 29, 30) .
Coaches are presented with the unique opportunity to educate young athletes. In a regular season, they spend more time with these adolescents than their teachers and parents (8) . In addition, they have the most important characteristic of a communicator-the identification with the group, which should be used as a channel to detect abusive behaviors and a means for nutrition education (15, 16) . Nevertheless, many studies show that coaches lack nutrition knowledge (6, 12) and are therefore not prepared to play this role. In Brazil, this is the first time that coaches working with adolescents have had their nutrition knowledge and recommended dietary practices evaluated.
Methods

Sample
Data were collected in November 2000, during a regional competition (Open Games of the Interior), held annually in the state of São Paulo, Brazil. Out of 134 cities participating in 18 sports, 62 had athletes enrolled in Olympic gymnastics, tennis, judo, and swimming events. Fifty-five coaches representing 22 of the 62 participating cities (35.5%) were assessed. The coaching disciplines of the assessed coaches included: 13 gymnastics coaches, 12 tennis coaches, 15 judo coaches, and 15 swimming coaches. These sports were chosen for being individual sports, in which the coach has a strong influence, and because of numerous studies reporting deleterious nutritional behaviors in athletes participating in these sports (7, 17, 19, 20, 30) .
Coaches from all participating cities and of the chosen sports were contacted during the week of the games and interviewed after a detailed explanation of the objectives. Due to the short time available between competitions, not all of the contacted coaches were willing to participate, which limited the size of the sample.
Data Collection
A three-part questionnaire was used. Part 1, "Who Are You?," presented demographic questions, such as city of origin, age, sex, place of work, years of coaching, academic background, and nutrition sources of information. Part 2, "What Do You Recommend?
," included open-ended questions related to the dietary practices recommended according to the different periods of training: training practice, precompetition, competition, and recovery (post-competition). The recommendations provided were classified according to the stage of exercise as reported by the coaches: (a) training practice; (b) competition: pre, during, and after. For the training practice, answers were classified according to the main objective of the coach: weight control (maintenance or weight loss) or muscle mass gain. Part 3 consisted of a knowledge test, "What Do You Know?," with 25 statements about nutrition. The topic areas included were: food sources, nutrient functions, energy balance, specific nutritional needs of athletes, and consequences on performance. Coaches could agree, disagree, or respond that they didn't know to each of the 25 statements presented. For each correct answer, 1 point was assigned, with a possible maximum score of 25 points. For each incorrect or unknown answer, a zero was assigned.
The questionnaire was based on several validated questionnaires used in previous surveys that were found in the literature and the researcher's experience in sports nutrition (12, 14, 18, 27, 34, 38) . A group of five coaches, not included in the final sample, reviewed the questionnaire, which was also pre-tested for comprehension on a varsity soccer team. Adjustments to improve comprehension of the questions were made after both evaluations.
Data Analysis
One-way analysis of variance was used to examine differences in scores between sports. Chi-square or Fisher's Exact Test were used to determine differences in questionnaire responses among groups. Pearson Correlation Coefficients were used to assess the relationships between the knowledge score and age, years of study, and years of coaching. A p value of < .05 was considered statistically significant.
Results
Sample Characteristics
The 55 responding coaches represented 22 cities of the state of São Paulo, Brazil, corresponding to 35.5% of the cities, with teams participating in the gymnastics, tennis, swimming, and judo competitions. Most were male (85%), with a mean age of 36 years and ranging from 20 to 58 years. Most coaches worked in more than one place, primarily in public (city) sport centers and private clubs, but also in fitness centers and schools, and had been coaching, on average, for 10 years. Sixty-nine percent of the coaches reported that their athletes participated at national or international competitions.
Most of the coaches held a college certificate (82%), mainly a physical education (PE) degree (92%), but only 41% had attended nutrition classes. Of those who attended nutrition classes, half had completed a two-semester course, and the other half, equally divided, had completed either a one-semester course or a 3-month course.
When asked about their interest in nutrition, 89% of the coaches reported the habit of obtaining nutrition information on a regular basis. Their main sources of nutrition information were: non-technical magazines (58%), other coaches (44%), and textbooks (38%). Thirty-five percent reported having attended workshops, congresses, symposia, and/or courses on nutrition themes in the 12 months preceding the interview.
Recommended Dietary Practices
All interviewed coaches reported recommending dietary practices at some stage, though few reported monitoring whether the athletes followed their recommenda-tions (26%). About half of the coaches (47%) said they recommend that athletes should look for a nutrition specialist and that 13% work with a nutritionist on a regular basis (Table 1) .
All coaches reported giving nutrition advice during training practice. No specific dietary strategies were reported for pre, during, and after training. Coaches reported two main objectives during this period: weight control, including weight maintenance and weight loss (69%), and muscle mass gain (49%; Table 2 ).
Most coaches (93%) reported giving nutrition advice for the pre-competition period, and nearly half (46%) of the coaches gave nutrition advice for the recovery period. Specific food intake was not recommended by any of the coaches during competition ( Table 1) . and fruits intake --20% -*Coaches responded to more than 1 alternative. Answers related to exercise practice only to achieve the objectives were not considered. **Candies, sugar, soft drinks, sauces, fibrous foods, coffee, unknown foods, and red meat.
Recommended dietary practices were classified as adequate or inadequate according to dietary guidelines for better performance and general healthy habits (2, 3) . Table 3 shows the most common adequate and incorrect recommendations adopted by coaches, according to the exercise stage and to the main objectives.
Due to its unique importance as an energy substrate, recommendations regarding carbohydrate intake were evaluated separately (Table 4) . Increased carbohydrate intake was suggested by 25% of the coaches during training practice, 75% in pre-competition, and 65% during recovery.
The majority of coaches (95%) recommended adequate hydration strategies, mentioning fluid loss (54%) and heat (44%) as the main reasons for fluids intake during training practice. Water (69%) and sport drinks (23%) were the most commonly recommended drinks. Most coaches also recommended hydration pre (76%) and post (69%) competition, but only 22%, 42% of whom are tennis coaches, recommended drinking during the event (Table 4) .
Nutritional supplement use is recommended by 27% of the coaches. Most of the coaches (60%) recommended protein or amino acid mixtures, followed by phytotherapeutics (guaraná-Paullina cupana, bee pollen, ginseng, brewer's yeast, and catuaba-Erithroxylaceae catuaba; 47%), and specific amino acids or amino acid-like substances (BCAA, creatine, carnitine, and ornithine; 40%).
Nutrition Knowledge
Of a possible maximum score of 25, the mean score obtained was 17.5 (70% correct). No significant differences were observed between the different sports (p = .61; Figure 1 ). No correlation was found between the nutrition knowledge score and age (r = -0.14) or years of coaching (r = -0.24). A weak but statistically significant correlation was observed between nutrition knowledge score and years of study (r = 0.38, p = .004). Table 5 summarizes the concepts and the percentage of coaches who answered correctly each of the questions according to the different sports. Concepts were grouped according to different issues: nutrient substrate, macronutrients, hydration, weight loss, specific nutrients, nutrition during the competitive period, and general issues.
Discussion
A profile of the interviewed coaches can be drawn from the obtained data: 36-yearold male with a PE degree, who did not have nutrition as a subject and obtains nutrition information mainly from non-technical magazines. He seldom participates in scientific events on the subject and has been working as a coach for approximately 10 years. Other studies found similar demographic characteristics regarding age and gender (6, 8, 14, 28, 30) .
A college education is not obligatory in Brazil to work as a coach; however, most coaches in this study have a physical education certificate. Coaches who finished only middle or high school represented ex-athletes who continued their sports career as coaches. Unfortunately, nutrition classes are not required for certification, which explains why fewer than half of the coaches studied nutrition during their college years. A greater proportion (67% and 82%, respectively) of North American coaches have a background in nutrition (6, 14) .
These data suggest that, even for the coaches with an adequate education (33% of the graduate coaches completed post-graduate studies), their nutrition knowledge will not necessarily be greater. This was also shown by the statistically significant weak correlation, observed between nutrition knowledge score and years of study, although Barr (5) found a good correlation between those two variables. A greater sample could show a better correlation.
Rockwell et al. (25) found a strong correlation between years of coaching (>15 years) and the nutrition knowledge test score. However, similar to the results reported by Corley et al. (14), we found no correlation between age and years of coaching. We believe this is due to the fact that, although nutrition is not an obligatory subject in Brazilian PE colleges, it is now a part of the curriculum present in most courses. This was not a reality a few years ago; therefore, older and more experienced coaches were more likely to have less nutrition knowledge than the younger, less experienced ones.
While most of the coaches report the habit of obtaining nutrition information, the main mentioned sources (non-technical magazines) could be considered as having a low reliability and as inadequate in providing scientific information. Other authors found similar results (24, 30) . However, Graves et al. (18) found that most of the interviewed coaches in their study received nutrition information from doctors, professional meetings, and workshops. Few coaches interviewed in the current study had attended nutrition scientific events in the 12 months previous to the interview, reporting a lack of events happening in their regions, which reflects what happens in smaller towns in Brazil.
Coaches are the main source of nutrition information and guidance among adolescent athletes, as they all report being responsible for their dietary recommen-
Table 5 Percentage of Correct Answers About Nutritional Substrates
Gym % Ten. % Jud. % Swi. % Total % Concept (n = 13) (n = 12) (n = 15) (n = 15) (n = 55) Nutritional substrates Protein is the main source of energy for the muscle (F) 62% 33% 53% 67% 54% Glycogen levels (stored carbohydrate) can affect the energy available for exercise (T) 69% 58% 87% 80% 74% Exercise is the main factor to promote increase in strength (T) 69% 50% 73% 73% 66% Macronutrients Protein in excess promotes kidney and liver overload (T) 62% 33% 60% 80% 59% Athletes need 3 times more proteins than sedentary individuals (F) 46%* 33%* 80% 80% 60% Athletes need a greater proportion of carbohydrate than sedentary (T) 100% 83% 93% 100% 94%
A low-fat diet containing fewer than 15% of the total energy intake is more recommended for athletes (T) 15% 0% 7% 20% 11%
Hydration
To suck on ice or just water in the mouth is a more efficient way to hydrating than to drink water during competition (F) 62% 92% 67% 73% 74%
Thirst is not an adequate indicator of water need during exercise (T) 46% 50% 20% 20% 34% Fluids should be ingested before, during, and after competition (T) 100% 100% 73%** 100% 93% Weight loss To skip meals is justifiable when it is necessary to promote a fast weight loss (F) 77% 100% 67% a 93% 84%
Some specific foods (i.e., pineapple) have special value in weight loss diets because they burn body fat (F) 31% 25% 33% 60% 22%
(continued) Gym % Ten. % Jud. % Swi. % Total % Concept (n = 13) (n = 12) (n = 15) (n = 15) (n = 55) Weight loss (continued) Very fast weight loss associated to very restricted diets can affect negatively exercise performance (T) 100% 100% 100% 100% 100%
Most of the weight lost with a very restricted and short-time diet is composed by water (T) 62% 75% 93% 73% 76% Exercise while fasting can decrease blood glucose levels (hypoglycemia) (T) 92% 92% 87% 100% 93% Specific nutrients Calcium deficiency can lead to stress fractures and osteoporosis (T) 77% 100% 93% 93% 91%
The intake of mixtures of specific amino acids can cause nutritional imbalance as the excess of an amino acid can compete with another (T) 46% 58% 27% 47% 45% Citric fruits are the only dietary sources of vitamin C (F) 77% 75% 60% 67% 70% Competition
To eat after a competition is important only if the athlete is hungry (F) 92% 92% 60% b 87% 83%
A balanced diet is necessary only before competition (F) 100% 100% 93% 93% 97%
The last main solid meal should be eaten with a 3-4 hour interval from competition (T) 54% c 42% c 93% 93% 64%
After competition hydration and energy reposition (carbohydrate) should begin (T) 92% 92% 80% 100% 91% General issues To win without supplements is impossible (F) 100% 75% 93% 80% 87% Specific foods and not the general diet are responsible for a good performance (F) 92% 83% 73% 80% 82%
Bread and potato intake should be restricted during training period (F) 77% 83% 73% 60% 73% Note. dations. Although specific dietary strategies for each period of training (pre, during, and post) are widely described in the literature, coaches in this study do guide their athletes accordingly. Reported recommendations refer to general issues during the training practice period. The main objectives related to dietary practices (weight control and muscle mass gain) were in accordance with the sports characteristics. Judo and gymnastics coaches were worried about weight control, as described in many other studies (20, 22, 32) . Tennis and judo coaches also showed concern about muscle mass gain, related to the strength and power components of these sports (11, 12) . However, the reported recommendations may not be sufficient to achieve these two objectives.
For the competition period, not all coaches recommend dietary strategies during pre-competition and recovery periods. In the recovery period, this is quite worrisome, as most athletes compete in subsequent days, sometimes more than once in the same day. No dietary practices, with the exception of hydration strategies, were recommended during competition, which can be explained by the short duration of the competitions of the chosen sports, with the exception of tennis.
Independent of the stage of exercise, the two main dietary recommendations reported were to decrease the intake of foods with low nutrient density, such as soft drinks, candies, and fatty foods that are often found in adolescent diets (independent of activity level) and to increase fruit and vegetable intakes (19, 35) .
To achieve weight control and muscle mass gain, approximately half of the coaches correctly recommended appropriate exercise and food intake. However, some coaches still erroneously believe that diet alone can promote these effects.
Decrease total food intake and Increase total food intake were considered appropriate because coaches expressed the idea of reducing total calories or increasing total calories to promote weight loss and muscle mass gain, respectively. They represent a general recommendation with a correct concept behind it, although insufficient to achieve their objectives. Other adequate recommendations were mentioned by fewer than 40% of the coaches, showing the lack of an effective contribution to nutrition improvement.
Among some of the judo coaches, deleterious weight loss practices are recommended (exercising wearing plastic or wool clothes, use of the sauna, fasting for periods greater than 4 hours) in accordance to other studies in the literature (13, 18, 21, 23, 39) . The negative effects of such practices are widely recognized and should be stopped.
Introduce or increase vegetables and fruit intake was considered an adequate recommendation with the exception of the pre-competition period. Some coaches (20%) encourage the introduction or increased vegetable and fruit intake specifically at this time in an attempt to ensure a "healthy diet" before competition. Vegetables and fruit, if not part of the habitual eating pattern, can have a deleterious effect due to their high fiber content.
Although the importance of carbohydrate for athletes is widely described in the scientific literature, it was not a main issue for the coaches in this study. This is clear when comparing some of the answers to the knowledge test and the reported recommendations. The most outstanding dichotomy is the fact that so few coaches instruct an increased intake of carbohydrates in all stages of exercise (training, precompetition, and recovery, respectively, 25%, 75%, and 65%), while 94% answered correctly that athletes need a greater proportion of carbohydrates in their diet. We still found some coaches recommending a decreased intake when aiming at promoting weight loss and before competition, which is in complete opposition to the present guidelines.
The disparity between knowledge and practice is also evident in relation to hydration issues. Coaches answered most hydration questions correctly, but do not recommend it in all stages of exercise or in accordance to guidelines (i.e., volume, frequency; 1, 2). Three judo coaches do not permit hydration during training practice as it can "break concentration" and "interfere with discipline." During the competition period, coaches should be more careful about hydration, as adolescents are still maturing in their thermoregulatory system and have a greater tendency to dehydrate (4) . Of the different sports evaluated here, tennis is the most demanding in relation to hydration needs, but fewer than half of the tennis coaches recommended specific hydration practices during matches.
A tendency to overvalue protein intake was observed among coaches promoting muscle mass gain and those who advocate the use of supplements. Accordingly, the concepts suggesting a greater importance of this nutrient were answered incorrectly by almost half of the interviewees.
Supplement use was recommended by a small proportion of coaches (27%). This is not in accordance with results reported from other authors (20, 25) . We speculate that some coaches may not have answered according to the reality because there is not enough data on safety of supplement use by adolescents, and such practice should be avoided in this age group (2, 3) . Supplement use is always recommended to "improve performance" and never to supplement a deficient diet. Supplementation should be considered only in cases of nutritional deficiencies evidenced after careful dietary analysis and biochemical testing.
No statistical difference was found among the four groups' nutrition knowledge score (mean score = 70%); however, judo coaches presented the lowest mean score (66%), while swimming coaches had the highest score (72%). Judo coaches also presented a statistically greater proportion of wrong answers to three concepts: (a) Fluids should be ingested before, during, and after physical activity; (b) To skip meals is justifiable when it is necessary to promote a fast weight loss; and (c) Eating after competition is necessary only when the athlete is hungry-which explain some of their recommendations. Tennis and gymnastics coaches had statistically greater proportion of wrong answers to two concepts: (a) Athletes need 3 times more proteins than sedentary individuals; and (b) The last main solid meal should be eaten with an interval of 3-4 hours before competition.
The knowledge test evidenced some beliefs that, if recommended by the coaches, could be deleterious or propagate erroneous nutrition concepts. The two most alarming beliefs, due to the great number of incorrect answers were: (a) Some specific foods (e.g., pineapple) have special value in weight loss diets because they burn body fat; and (b) A low-fat diet containing fewer than 15% of the total energy intake is not recommended for athletes-with only 22% and 11% of correct answers, respectively.
Due to a methodological weakness, this study reflects a very small proportion of coaches in Brazil. Further studies involving larger samples and a more appropriate methodology are necessary to confirm these findings in other regions of the country.
Conclusion
It is widely recognized that good nutrition is critical for optimal health, growth, and athletic performance. However, it is often impossible to recruit a nutritionist to work with athletes, particularly in areas where it is economically unfeasible to do so. In this circumstance, the role of appropriately trained coaches becomes even more important because they are in positions to influence eating behaviors. Unfortunately, the coaches in this study were not adequately prepared to provide information to their athlete that would either support health or improve athletic performance.
Some steps that could be taken to improve this situation are compulsory nutrition courses in all physical education certification programs, organization of courses and workshops for coaches in their places of work, and the development of specific nutrition education materials. Coaches should have enough nutrition knowledge so as to ensure that their adolescent athletes are not following deleterious dietary practices and also to be able to advise specific follow-up with a nutrition specialist.
